SUMMARY.-Cytoplasmic changes were investigated in livers of rats at various intervals up to 50 weeks during primary induction of hepatoma by thioacetamide feeding.
SUMMARY.-Cytoplasmic changes were investigated in livers of rats at various intervals up to 50 weeks during primary induction of hepatoma by thioacetamide feeding.
Microsomal Glucose-6-phosphatase and ATPase activities were shown to decrease progressively with increased period of thioacetamide feeding the fall in activities being more pronounced during the first 15 weeks.
Hormonal induction of tryptophan pyrrolase and tyrosine transaminase activities was shown to undergo a significant decrease of 65% and 55% respectively at the end of 50 weeks feeding.
The substrate induced tryptophan pyrrolase activity was decreased to 50% during the 50 weeks period whereas the substrate induced tyrosine transaminase activity gradually increased to 200%. The latter is attributable to differences in the optimal induction dose of tyrosine in normal and carcinogen fed rats. The m-RNA template lifetime for tryptophan pyrrolase was shown to be exceeding 24 hours in normal rats as against that of 13 hours in rats fed with carcinogen for 30 weeks. On the other hand the m-RNA template lifetime for tyrosine transaminase was 3 hours in control rats while it was 7 hours in the carcinogen fed rats.
The observed changes were shown to occur long before the onset of malignant transformation.
The alterations in terms of decreased Glucose -6-phosphatase and substrate induced tryptophan pyrrolase activities were shown to be reversible when the carcinogen was withdrawn from the diet after 30 weeks of feeding.
The significance of these observations is discussed in relation to damage to endoplasmic reticulum during hepatocarcinogenesis.
IN recent years there has been growing interest in the phenotypic changes associated with neoplasia. Of particular interest are the attempts to understand the significance of cytoplasmic changes in malignant transformation with reference to structural alterations in the endoplasmic reticulum. Emmelot and Beneditti (1961) have demonstrated in their electron microscopic studies that hepatocarcinogens in general bring about significant alterations in the liver endoplasmic reticulum within a short period after their intraperitoneal injection to rats. The abnormal morphology of endoplasmic reticulum in hepatomas is well known (Dalton, 1964) . More recently, Pitot (Pitot, 1966a (Pitot, , 1969 Pitot et al., 1965 Pitot et al., , 1966 has emphasized the possible role of changes in the structural mosaic of liver endoplasmic reticulum in hepatocarcinogenesis. In this respect studies at various intervals during induction of primary hepatomas assume significance, although these have not received adequate attention.
The present paper reports some of the cytoplasmic changes in rat liver at different intervals of time during primary induction of hepatoma by thioacetamide, a weak hepatocareinogen (Fitzhugh and Nelson, 1948 (1955) and consisted of incubating a reaction mixture containing 0.1 ml. glucose-6-phosphate (0-1m), 0.3 ml. maleic acid buffer (0-1m) pH 6-5 and 0-1 ml. of the microsomal suspension at 37' C. for 20 Assay of TP was carried out by the method described by Knox (1955) . The reaction mixture consisting of 1.5 ml. of 15% liver homogenate prepared in 0.14m KCI solution containing 2-5 mm NaOH, 1-5 ml. sodium phosphate buffer 0-2m pH 7, 0-5 ml. of 0-03m tryptophan, in a final volume of 6.0 ml., was incubated at 37' C. for I hour. The reaction was stopped with [1] [2] [3] [4] [5] [6] [7] [8] Fig. 1 . Both G-6-Pase and ATPase activities progressively decrease initially, the fall being more marked during the first 15 weeks of the carcinogen feeding, which is then sustained throughout the rest of the period. Fig. 3 . Whereas the hormone induced TT is shown to decrease (Fig. 2) Fig. 5 and 6. It can be seen that when the carcinogen is omitted from the diet after 20 weeks of feeding, it takes 3 weeks to restore the decreased G-6-Pase activity whereas if it is withdrawn from the diet after 30 weeks of feeding it takes about 5 weeks before G-6-Pase activity attains its normal levels (Fig. 5) (Gupta, 1955) , it has been recently suggested (Bannasch, 1968) that hepatomas always originate from parenchymal foci and according to Grundmann and Sieburg as cited by Bannasch (1968) , proliferation of the bile ducts which is often observed during careinogenesis is due to concentration action of the hepatocarcinogens. Thus, according to Stewart and Snell (1959) cirrhosis and cholangiofibrosis are no prerequisites for the later formation of hepatomas but may merely accompany the development of such tumours. In the present investigations, the approach was to study the cytoplasmic changes at earlier intervals during hepatocarcinogenesis with a view to assess their significance in the ultimate causation of neoplasia. It is observed that the biochemical aberrations such as a progressive decrease in microsomal G-6-Pase and ATPase activities, a decreased hormonal induction of adaptive enzymes TP and TT as well as their altered m-RNA template lifetimes are evident long before the onset of malignant transformation. It may be that the progressive decrease with the increased period of feeding during the initial stages depicts a net decrease representing the mixed population of carcinogen affected and unaffected cells, and no further significant changes are observed when probably most of the liver cells are affected. It is to be noted that after about 25 weeks of the carcinogen feeding, the changes which are evident do not undergo further alterations during the premalignant stage as well as in the resulting hepatomas thus suggesting that the mechanisms regulating synthesis of enzymes are affected earlier during hepatocarcinogenesis.
WEEKS OF THIOACETAMIDE FEEDING
It is very striking that these changes are evident much earlier although under the experimental conditions it takes around a year's carcinogen feeding before malignancy is evident. Decreased levels of G-6-Pase activity in hepatomas with varying growth rates have been shown by Weber (1963) , the decrease being more pronounced in rapidly growing malignant tumours. The G-6-Pase activity in minimal deviation slow growing hepatomas has also been shown to be low, the extent of decrease probably depending upon the rate of growth (Weber and Morris, 1963) . Low activity of G-6-Pase in DAB induced primary hepatomas has also been demonstrated (Weber, 1961) . The microsomal ATPase activity during thioacetamide feeding is shown to decrease in the present experiments, although the fall is less marked in comparison with that of G-6-Pase activity (Fig. 1) . However, this is unlike the increased microsomal ATPase activity which was observed in rapidly growing as well as in minimal deviation slow growing hepatomas . According to Sugimura et al., as cited by (Chan et al., 1960) . TP induction to some extent in response to tryptophan administration could be demonstrated in DAB induced primary hepatomas (Ichii, 1958) . The induction of TP by corticosteroids in various experimental tumours has been discussed in a recent review by Rosen et al. (1964) . By and large, most primary hepatomas as well as transplantable hepatomas demonstrate lack of ability to induce TP to the same extent as in normal or host liver.
An interesting observation is made in relation to hormone and substrate induction of TT during thioacetamide feeding. Whereas the hormonal induction of TT is shown to decrease by about 50%, the substrate induced enzyme progressively increases by about 125% over the controls at the end of 50 weeks of feeding. This contradictory response of TT induction to hormone and substrate is explained on the basis of difference in the optimal induction dose of tyrosine in normal and thioacetamide fed rats (Fig. 4) . Decreased hormonal induction of TT during thioacetamide feeding is in variance with a number of observations in minimal deviation hepatomas in rats in which an increased induction of TT in response to cortisone administration has been obtained (Pitot et al., 1963) . Auerbach and Waisman (1958) observed decreased induction of this enzyme in fast growing rat hepatomas.
The role of endoplasmic reticulum in stabilization of m-RNA templates and hence regulation of cytoplasmic enzyme synthesis has been emphatically stressed by Pitot and his group (1966) . Based on studies on in vivo (Webb et al., 1965) as well as in vitro (Siiss et al., 1966) binding of polysomes to the membranes of the endoplasmic reticulum in liver, Pitot has postulated that it is this interaction between the polysome-m-RNA complex and the endoplasmic reticulum membrane which determines the stability of m-RNA template that is required for the translation process. Evidence for stable m-RNA templates in mammalian systems, particularly in liver is well documented (Pitot, 1967; Reich and Goldberg, 1964 (Wessels, 1964) , muscle (Yaffe and Feldman, 1964) , lens (Papaconstantinou, 1967) and retina (Kirk, 1965) . In contrast, hepatomas have been shown to have altered template stabilities. Although the mechanism of template stabilization has not been fully understood as yet, Pitot has suggested that the structural integrity of the endoplasmic reticulum is intimately associated with the template stability . This is amply supported by scarce and disorganized structure of the endoplasmic reticulum in dedifferentiated hepatomas. Even in highly differentiated minimal deviation hepatomas the lack of induction of TP both by hormone as well as by substrate is attributable to structural differences in the endoplasmic reticulum (Cho et al., 1964) . Further, it has been shown that in adrenalectomized rats, the induction of TP by substrate is lost in hepatomas but not in host liver which could be explained on the basis of lack of stable m-RNA template for the synthesis of TP in hepatomas (m-RNA template lifetime is very short), whereas m-RNA template for TP in host liver is known to be stable for weeks (Pitot et 
